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Abstract. In this paper we present thermoreflectance measurements on polycrystalline silicon conducting 
tracks for several wavelengths of the probe beam. Two distinct experimental setup were employed, 
namely, the CCD camera setup and the focused laser setup. It is shown that the thermoreflectance signal 
behavior is closely related to the derivative of the optical reflectance with respect to the wavelength.  
 
 
1. INTRODUCTION 
 
Heating of microelectronic devices is a major cause for failure. The thermoreflectance microscopy 
provides a temperature distribution map of the operating device with high resolution [1, 2]. However, 
such devices are composed of several layers and thermoreflectance signals depend strongly on the 
optical and thermal properties of the materials and on the probe wavelength. Moreover, transparent 
layers such as those used for passivation or electrical isolation, cause interference fringes, rendering 
necessary a spectral study. By varying the wavelength one can pass from a maximum to a minimum of 
the thermoreflectance signal, as it will be demonstrated below. Therefore, it is essential to find the 
ideal wavelength to investigate each component. 
In order to investigate the wavelength dependence of the thermoreflectance signal, a chip was 
specially developed containing structures such as resistors and MOSFET’s. Similar structures were 
implemented with different materials. These structures were investigated using two experimental 
setups, namely, the visible CCD camera setup [3, 4], which uses a lamp to produce the probe light and 
stores the whole thermal image in a snap shot, and the focused laser setup [2], which uses several laser 
lines as probe and stores the thermal image by scanning the sample surface. The main advantages of 
the CCD technique are the faster data acquisition and the easy tunability obtained by using a linear 
variable interference filter. On the other hand, the focused laser technique has the capability of 
performing measurements in high modulation frequencies using homodyne detection, besides its 
higher sensitivity. 
 
2. EXPERIMENTAL 
 
The measurements presented in this paper were done on a 1.6 µm thick and 20 µm wide 
polycrystalline-silicon conducting track on a silicon substrate. Between the track and the substrate 
there is a 0.5 µm SiO2 isolating layer. Photothermal Reflectance measurements were performed on the 
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track under fixed current amplitude and frequency. The probe wavelength was changed by using 
several Ar+ laser lines and a 670 nm diode laser, or by using white lamp and filter in the CCD 
technique. The focused laser is about 1.0 µm diameter on the sample surface, and the CCD image is 
composed by 1000 x 1000 pixels. The single photodetector signal is lock-in analyzed in the case of the 
focused laser technique. On the other hand, the CCD camera acquires series of four different images, 
each one integrated over one-fourth of the period of the heating modulation. A proper combination of 
these images gives the amplitude and phase of the thermoreflectance signal. 
 
3. RESULTS AND DISCUSSION 
 
Figure 1 shows the optical (a) and thermal images (b and c) of the polycrystalline-silicon track 
connected to a Al terminal (left side), as obtained using the CCD setup operating at 650 nm. The 
current through the resistor was modulated from zero to 10 mA at 10 Hz. For such a low modulation 
frequency, the temperature distribution is quite close to that of the DC regime, i.e., there is no 
considerable attenuation from the heat source to the probed surface. As one can see from Fig. 1(b), the 
heat sources are distributed along the track. The maximum value of ∆R/R (bright region) is 2.4 x 10-2, 
and the phase has the value of zero on the track and is not well defined (noise phase) on the substrate. 
 
 
 
Figure 1. (a) Optical image, (b) ∆R/R amplitude and (c) phase (deg). Area = 70 µm × 70 µm, f = 10 Hz,  
λ = 650nm 
Seeking for the probe wavelength response of the thermoreflectance signal, the optical 
reflectance spectrum of the track structure was measured in the range from 500 to 800 nm, which is 
shown in Fig. 2(a). As one can see, there are maxima and minima related to the constructive and 
destructive interferences caused by the reflections in the track interfaces and oxide layers interfaces. 
The temperature increase caused by Joule dissipation promotes both the refractive indexes variation 
and expansion of the layers in the structure. Therefore, the optical path differences between reflections 
occurring at distinct interfaces are shifted with temperature. Both the temperature coefficient of the 
refractive index, dn/dT, and the thermal expansion coefficient, αT, are positive for the materials and 
the employed wavelengths. Thus, the optical path difference, nd (d being the thickness of a given 
layer), increases with temperature, the interference peaks being shifted to longer wavelengths (red 
shift). Hence, the overall behavior of dR/dT for the structure is closely related to (minus) the 
derivative of the reflectance with respect to the wavelength, dR/dλ.  
Figure 2(b) shows the curve dR/dλ, numerically obtained from curve of Fig. 2(a) and the 
measured values of ∆R/R, which are proportional to dR/dT, as obtained from measurements similar to 
that of Fig. 1 at several wavelengths. An appropriate normalization of ∆R/R was done to allow its plot 
in the same graph view of dR/dλ. As it can be seen, the thermoreflectance signal follows quite closely 
the oscillations of dR/dλ, thus confirming the basis of the reflectance modulation. 
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Figure 2. (a) Optical reflectance spectrum of the track structure; (b) Derivative of the reflectance with respect to 
the wavelength (continuous curve) and normalized values of ∆R/R (closed circles) as measured by the CCD 
technique at several wavelengths. 
 
Measurements using the focused laser technique were performed on the same sample at the 
modulation frequency of 100 kHz for a peak current of 25 mA. Several line-scans were made across 
the track width. The Ar+ laser lines at 457.9, 476.5, 488.0, 496.5, 501.7, 514.5 nm and the 670 nm 
laser diode were used. Figure 3 shows the values of ∆R/R for these measurements (open circles), 
added to those obtained with the CCD technique (closed circles). As one can see, the 
thermoreflectance signal for the Ar+ laser lines is at least one order of magnitude lower than the 
observed in the range 596-725 nm. The main raison for this must be related to the fact that the 
interference peaks becomes less and less pronounced as the wavelength decreases, rendering the 
reflectance curve smooth. It has to be observed that the absolute values of ∆R/R at 665 nm (CCD) and 
670 nm (focused laser) are of the same order of magnitude.  
 
A final consideration is that at high modulation frequencies, the temperatures at the distinct 
interfaces are not the same, resulting in differentiated reflectance modulation at these interfaces. Then, 
the resulting interference pattern will be modulated in a distinct way than it was in the DC regime 
limit (CCD camera measurements), as clearly demonstrated in Ref. 2. However, at 100 kHz the 
thermal diffusion length for silicon is about 15 µm, large enough to ensure a quite uniform 
temperature distribution within the upper structure.  
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Figure 3. Absolute values of ∆R/R as obtained by the focused laser (open circles) and CCD (closed circles) 
techniques as a function of wavelengths. The values were normalized to a current of 10 mA. The measurements at 
665 and 670 nm, performed with distinct setups, are highlighted in the dashed circle. 
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4. CONCLUSIONS 
 
In this paper we showed that the thermoreflectance signal of microelectronic structures is strongly 
dependent on the probe wavelength. Such dependence remains on the fact that reflectance in the 
multilayer structures involves interferences between rays coming from distinct interfaces. These 
interferences results in oscillating pattern for the reflectance. Such a pattern is shifted by temperature 
increase, and as a consequence, the thermoreflectance signal is strongly enhanced around the 
wavelengths were dR/dλ have maximum magnitude. Besides the interference effects, when there is an 
absorption band of the material close to the probe wavelength, the temperature coefficient of the 
reflectance, dR/dT, can experience significant changes as a function of wavelength. Finally, a good 
agreement between the two techniques was observed for 665 mn and 670 nm probe wavelengths. 
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